Objective-To determine the eVects of upright posture compared with supine position on the dominant atrial cycle length (DACL) in patients with chronic atrial fibrillation. Design-The power/frequency spectrum of QRST suppressed lead V1 ECG was studied in 14 patients in the supine position and during the head up tilt table test. The DACL changes were compared with changes in heart rate and blood pressure. Results-Compared with the supine position, the upright position reduced the DACL from 160 to 150 ms (p < 0.01). The DACL was increased after returning to the supine position from the upright position, from 147 to 154 ms (p < 0.01). Heart rate increased from 91 beats/min in the supine position to 106 in the upright position (p < 0.01). There was a decrease in heart rate from 109 beats/min in the upright position to 93 after returning to the supine position (p < 0.01). No significant changes were seen in systolic or diastolic blood pressure. There were indications of an inverse relation between DACL and heart rate when comparing the supine position before and after tilt with the upright position (p < 0.001). Conclusions-The sympathetic stimulation and vagal withdrawal induced by rising to upright body position are associated with a decrease in DACL during chronic atrial fibrillation. Thus a reflex increase in sympathetic discharge after induction of atrial fibrillation could favour the persistence of the arrhythmia. (Heart 1998;80:71-76) 
The autonomic nervous system plays an important role in the genesis of various cardiac arrhythmias. The atrial muscle is continuously aVected by the balance between vagal and sympathetic discharge. The influence of diVerent kinds of autonomic discharge on the cellular electrophysiological properties of normal atrial muscle in both man and animal has been studied during sinus rhythm, but limited information is available on the conditions during chronic atrial fibrillation. [1] [2] [3] [4] [5] [6] [7] Previous studies have shown that altered or disturbed autonomic tone may result in initiation of atrial fibrillation. [8] [9] [10] [11] It is well known that vagal stimulation increases vulnerability to atrial fibrillation by shortening the atrial refractory period, 7 while increased sympathetic discharge is associated with automatism, triggered activity, and microreentry. 12 Several in vitro studies have documented the existence of diseased, depolarised muscle with cellular electrophysiological and ultrastructural derangement, in strips obtained from the atrium of patients with chronic atrial fibrillation. [13] [14] [15] [16] [17] [18] [19] These observations are supported by the findings of an electrical remodelling of the atrial muscle during exposure to tachycardia. [20] [21] [22] [23] The eVects of vagal and sympathetic discharge on diseased, structurally changed atrial muscle are not well documented. In the normal heart, vagal tone is dominant at the atrial level during rest. 6 However, sympathetic predominance and reduced vagal tone have been shown to accompany disease in ventricular muscle. 24 The autonomic balance in chronic atrial fibrillation is complex and the ability of either autonomic nervous system limb to produce disturbances in atrial conduction, refractoriness, and the dispersion of atrial refractoriness needs further clarification.
This study aimed to investigate the influence of modulation of the autonomic nervous system, using the head up tilt test, on the dominant atrial cycle length (DACL) during chronic atrial fibrillation. The DACL measured at lead V1 is closely related to the spatial mean intracardiac cycle length in the right atrium. 25 As the local atrial cycle length during chronic atrial fibrillation has been shown to be closely related to the atrial refractory period, the DACL was considered an index of right atrial refractoriness. [26] [27] [28] A head up tilt table test was performed and the DACL was assessed using the non-invasive frequency analysis of fibrillatory ECG (FAF-ECG) method presented elsewhere. 25 
Methods

PATIENTS AND DESIGN OF THE TILT TEST
Fourteen patients (eight men and six women aged 48 to 76 years, median 67.5) with chronic atrial fibrillation were included in the study (table 1) . The head up tilt test was performed between 09:00 and 16:00 in a quiet study room with dimmed lights. All cardioactive drugs were withdrawn at least five half lives before participation in the study. The tilt table used was manually operated, with foot board support. Before the start of recordings the patients rested for a 15 minute period. Thereafter, surface ECG was recorded digitally for a total of 25 minutes with (1) an initial five minute period of supine rest, (2) a 15 minute period of head up tilt to 80°, and (3) a final five minute period of supine rest (hardware supplied by Siemens-Elema, Solna, Sweden). Blood pressure was measured manually using a cuV sphygmomanometer every two minutes during the whole study period. Heart rate was determined from the surface ECG recording.
FREQUENCY ANALYSIS OF FIBRILLATORY ECG (FAF-ECG)
A new non-invasive method based on frequency analysis of the f waves in the surface ECG was used (fig 1) . The method is described in detail elsewhere. 25 In short, the frequency distribution between 3 and 12 Hz in a QRST suppressed V1 lead ECG is estimated and the cycle length corresponding to the dominant frequency peak is named the dominant atrial cycle length (DACL). The changes in DACL induced by the head up tilt table test were compared with changes in heart rate and blood pressure. The DACL was calculated for the five minutes before tilt, for periods 0-5, 5-10, and 10-15 minutes in the upright position and for the five minutes after returning to the supine position. Analysis was also performed at one minute intervals to investigate the momentary changes in heart rate and DACL during the study period.
STATISTICAL METHODS
Data are expressed as means and standard deviations (in text and tables) and medians (in tables). Friedman's test for repeated measurements was used for statistical evaluation of the whole group. Wilcoxon's signed rank test was used to evaluate the significance of changes within the groups. The Spearman rank correlation test was used for statistical evaluation of correlation coeYcients. Results were considered significant at p < 0.05.
Results
CHANGES IN HEART RATE, DACL, AND BLOOD
PRESSURE
Two patients were excluded because of syncope and multifocal atrial tachycardia (table 1).
Figure 1 Schematic illustration of the diVerent steps of the FAF-ECG method. (1) Low frequency components were reduced using a linear phase high pass filter. (2) Classification and subtraction of QRST complexes from the original ECG signal. (3) A frequency spectrum was estimated from the residual ECG signal using the fast Fourier transform technique (FFT). (4) The peak frequency of the dominating frequency components between 3 and 12 Hz was estimated, corresponding to the dominant atrial cycle length (DACL).
Figure 2 Relation of heart rate (HR) and dominant atrial cycle length (DACL) in the patient with syncope, obtained with one minute analysis intervals.
The heart rate increased markedly after tilt onset and a rapid decline in both heart rate and DACL was observed before syncope, compatible with strong vagal discharge. The frequency signal had a bimodal appearance with two peaks. Note that the non-dominant peak disappears as the DACL decreases and returns after return to the supine position. One patient fainted after nine minutes in the upright position ( fig 2) . The tilt test was immediately interrupted and the patient was returned to the supine position, making it impossible to follow the study protocol. After recordings were performed it became obvious from the surface ECG that one patient did not have chronic atrial fibrillation, but rather a multifocal atrial tachycardia; this also resulted in exclusion from the study. Calculations were made on the basis of the remaining 12 patients. In the supine position before tilt the DACL had a mean (SD) value of 160 (18.6) ms and ranged from 114 to 196 ms. A significant decrease in DACL was seen, from 160 ms at 0-5 minutes in the supine position before tilt, to 150 ms at 0-5 minutes in the upright position (p < 0.01) (table 2) . No significant changes in DACL were seen between 0-5, 5-10, and 10-15 minutes in the upright position, whereas a decrease was seen in all three periods compared with the supine position before tilt (p < 0.01). The DACL increased from 147 ms at 10-15 minutes in the upright position to 154 ms (p < 0.01) at 0-5 minutes in the supine position after tilt. Mean (SD) heart rate was 91 (18.1) beats/min and ranged from 62 to 119 beats/min in the supine position before start of tilt. Mean heart rate increased from 91 beats/min at 0-5 minutes in the supine position before tilt to 106 beats/min at 0-5 minutes in the upright position (p < 0.01) (table 2) . No significant changes in heart rate were observed between 0-5, 5-10, and 10-15 minutes in the upright position, and heart rate was increased in all three cases compared with the supine position before tilt (p < 0.01). Mean heart rate decreased from 109 beats/min at 10-15 minutes in the upright position to 93 beats/min after returning to the supine position (p < 0.01). No significant changes in systolic or diastolic blood pressure were seen (table 2) .
RELATION BETWEEN DACL AND HEART RATE DURING THE TILT TABLE TEST
There were indications of an inverse relation between DACL (that is, the diVerence between the DACL in the periods being compared) and heart rate when 0-5 minutes in the supine position before tilt was compared with 0-5 minutes in the upright position (fig 3) . Similarly, there were indications of an opposite, inverse relation between DACL and heart rate when the 10-15 minutes period in the upright position was compared with the 0-5 minutes period in the supine position after tilt (correlation coeYcient = −0.71, p < 0.001).
Discussion
THE DOMINANT ATRIAL CYCLE LENGTH IN CHRONIC ATRIAL FIBRILLATION
We have recently shown that the atrial component in the surface ECG from patients with chronic atrial fibrillation contains valuable information on the magnitude and the dynamics of the atrial cycle length. 25 The atrial component of the surface ECG can be extracted using a new method called FAF-ECG (frequency analysis of fibrillatory ECG), which includes time averaging and spectral analysis techniques. Using magnetic resonance imaging it was deduced that the right atrium is responsible for a major contribution to the f waves in lead V1. Furthermore, it was shown that the spatial mean intracardiac cycle length in the right atrium is closely related to the DACL, measured at lead V1. Since earlier studies have verified that local fibrillation cycle lengths are closely related to the refractory period, the DACL at lead V1 may be used as an index of the right atrial refractoriness. [26] [27] [28] Further support for the use of DACL as an index of right atrial refractoriness has been obtained by studying the eVects of DL-sotalol, a well known class III antiarrhythmic drug. The changes in DACL were of the same direction and magnitude as the changes in atrial refractoriness expected with this intervention during sinus rhythm. 25 
Figure 3 There were indications of an inverse relation between dominant atrial cycle length (DACL) and heart rate (HR) when the supine position before tilt was compared with the upright position, and when the upright position was compared with the supine position after tilt (correlation coeYcient = −0.71, p < 0.001). The relation represents the diVerent eVects of increased and decreased sympathetic discharge on the atrial cycle length and AV nodal conduction time, suggesting that the eVects of increased sympathetic discharge were superior to the eVects of vagal withdrawal on atrial refractoriness.
EFFECTS OF AUTONOMIC NERVOUS DISCHARGE ON ATRIAL REFRACTORINESS AND CONDUCTION
Limited information is available on the eVects of the autonomic nervous system on atrial refractoriness and conduction in chronic atrial fibrillation. Stimulation of either limb of the autonomic nervous system will reduce the action potential duration, whereas the refractory period seems to be aVected most by vagal discharge. 6 7 An increased vagal discharge has been shown to decrease the refractory period by increasing the muscarinic acetylcholine receptor operated potassium current (I K(Ach) ). 29 At the cellular level, sympathetic discharge will stimulate receptors in the atrial muscle. From studies on atrial pacemaker cells it has been shown that increased receptor stimulation results in an activation of G protein and production of cAMP, which subsequently activates a protein kinase. 30 31 Activation of the protein kinase will finally result in phosphorylation of the L-type calcium channel and the delayed rectifier potassium channel. 32 33 The eVect of an increased channel phosphorylation is an increased ionic current through these channels. The overall eVect will be a decreased refractory period in the atrial muscle. It has been shown that dispersion of atrial refractoriness during chronic atrial fibrillation is increased by acetylcholine as well as by complete autonomic blockade. 34 The mechanism of this action is complex, as increased vagal discharge is known to cause hyperpolarisation of the atrial muscle. 35 In normal atrial muscle during sinus rhythm it has been shown that increased sympathetic discharge may increase atrial conduction velocity and that adrenergic blockade decreases atrial conduction velocity. 1 36 Indirect evidence for this has been provided by the autonomic stimulation and blockade, respectively, of signal averaged P wave duration, a proposed indicator of atrial conduction properties. 4 Increased vagal activity has been shown to cause a slowing of intra-atrial conduction, whereas a decreased vagal discharge might increase it. 2 3 37 Thus the eVects of sympathetic and vagal discharge in atrial muscle are synergistic on the refractory period and antagonistic on conduction velocity.
PHYSIOLOGICAL EFFECTS OF THE HEAD UP TILT TABLE TEST
Upright tilt is a physiological stimulus that is associated with increased sympathetic tone and withdrawal of vagal activity. 38 39 An increase in plasma catecholamines has been observed after tilting and it has been suggested that the mechanism for increased sympathetic tone is increased adrenergic neural activity. 38 The head up tilt table test is also associated with parasympathetic withdrawal. 39 In this study, one patient was excluded because of syncope. Failure to decrease parasympathetic tone in the upright position has been shown to be a predictor of vasodepressor syncope. 40 The results of heart rate and DACL in the syncope patient illustrated in fig 2 indicate the diVerent actions of increased vagal activity on AV nodal and atrial cells. The AV nodal conduction time is increased, whereas the DACL is decreased, suggesting decreased atrial refractoriness. 41 
EFFECTS OF HEAD UP TILT TABLE TEST ON HEART RATE, DACL, AND BLOOD PRESSURE IN CHRONIC ATRIAL FIBRILLATION
A significant increase in heart rate was seen, from 91 beats/min in the supine position before tilt to 106 beats/min in the upright position, which is compatible with an increased sympathetic discharge and a withdrawal of vagal activity. [38] [39] [40] An increase in sympathetic activity is known to increase heart rate by decreasing the AV nodal conduction time. 42 Furthermore, the heart rate was significantly decreased, from 109 to 93 beats/min, after return to the supine position. The decrease in heart rate in the supine position after tilt indicates a decrease in sympathetic discharge and possibly a revival of vagal activity.
DACL decreased significantly, from 160 ms in the supine position before tilt to 150 ms in the upright position (table 2) . Furthermore, DACL increased significantly, from 147 ms in the upright position to 154 ms after returning to the supine position. The electrophysiological eVects of the tilt test in this study correlate with the results from invasive electrophysiological studies performed with the head up tilt table test during sinus rhythm. 36 The changes in DACL and heart rate from a typical patient are shown in fig 4. The major eVect of upright posture seems to be decreased refractoriness of the atrial muscle, evidenced by a decrease in the DACL. The changes in DACL indicate that the eVects of increased sympathetic discharge are dominant over those of decreased vagal activity in the upright position. The opposite relation was observed when comparing DACL and heart rate in the upright position with values obtained in the supine position after tilt (fig Figure 4 A 3). When the theoretical wavelength decreases during tilt, a smaller area of the atrium will be suYcient to set up a reentrant circuit, a circumstance unfavourable for the chronic atrial fibrillation patient. 43 44 The predominance of sympathetic discharge in the upright position may therefore increase the tendency to reentry and decrease the possibility of resumption of sinus rhythm.
The systolic and diastolic blood pressures were not significantly changed during the tilt procedure (table 2) . The irregular and rapid heart rate seen during chronic atrial fibrillation will produce varying diastolic intervals and thereby varying stroke volumes, interfering with the filling of the arterial tree and consequently with the pulse pressure. 45 The results for systolic and diastolic blood pressures in this study were probably aVected by the difficulties associated with measuring blood pressure manually during chronic atrial fibrillation.
DISTURBANCES IN AUTONOMIC TONE MAY CONTRIBUTE TO BOTH INDUCTION AND PERSISTENCE OF CHRONIC ATRIAL FIBRILLATION
It is well known that atrial fibrillation can be induced by increased discharge from either autonomic nervous system limb. [7] [8] [9] [10] [11] [12] The specific mechanism for this action is unknown, although decreased atrial refractoriness, automatism, and triggered activity have been proposed to be involved. As atrial fibrillation is induced, the asynchrony of atrial and ventricular muscle contraction often decreases the cardiac output and thereby the arterial blood pressure. 45 These changes will produce a reflex increase in sympathetic discharge that will decrease the DACL and increase the heart rate, as shown in this study. The decrease in DACL, suggested to represent atrial refractoriness, will be unfavourable for the relation between atrial size and the number of concomitant reentrant wavelets possible. 43 44 Consequently, increased activity of either autonomic nervous system limb could favour the persistence of chronic atrial fibrillation by reducing atrial refractoriness and decreasing the possibility of resumption of sinus rhythm.
CONCLUSIONS
We conclude that upright position, known to induce increased sympathetic discharge and withdrawal of vagal activity, increases the heart rate and decreases the DACL in chronic atrial fibrillation and that these changes are reversible after returning to the supine position. Furthermore, there are indications of an inverse relation between DACL and heart rate when comparing upright and supine position, indicating that the eVects of increased sympathetic discharge are dominant over the eVects of vagal withdrawal. Thus a reflex increase in sympathetic activity after induction of atrial fibrillation may favour the persistence of the arrhythmia. This work was supported by grants from the Swedish Heart Lung Foundation and the Medical Faculty, University of Lund, Sweden.
